F ractures of the tibial shaft have a recorded incidence of 17 to 21 per 100,000 population, representing 2% of all fractures and 36.7% of all long bone fractures in adults. 1, 2 Tibial fractures constitute one of the most common indications for surgery in trauma centers. 3 The publications of Küntscher 4 opened the era of modern intramedullary nailing with metallic nails. Although this technique has been reported as highly successful in terms of fast union, good alignment, low shortening, good functional results, and low complication rates, 5 it is controversial whether or not to ream the medullary cavity prior to inserting the intramedullary nail. [6] [7] [8] Reamed intramedullary nailing has been reported to have advantages of providing optimal biomechanical stability, 9 rapid fracture union, 7, 10 and low incidence of secondary procedure. 7, 8 However, reaming of the medullary canal has also been reported to have destroyed 70% of endosteal blood flow compared with 30% in unreamed nailing 11 and to have led to bone necrosis, 12 compartment syndrome, infection, 13 and knee pain as well. Nailing without reaming has been reported to have resulted in shorter operative time and a lower incidence of fat embolism 11, 14 but a higher rate of implant failure and longer time for union due to poor mechanical stability. 9, 10, 15 In theory, unreamed intramedullary nailing may not cause complications associated with reaming. It is therefore necessary to explore the advantages and disadvantages of both techniques in the treatment of closed tibial fractures using both large-scale randomized controlled clinical trials and evidence-based medicine.
A recent meta-analysis by Xue 16 Therefore, the current meta-analysis was aimed at clarifying the clinical efficacy of reamed intramedullary nailing vs unreamed intramedullary nailing in terms of average operative time, weight-bearing time, callus formation time, average blood loss, nonunion, delayed union, malunion, secondary procedure (implant exchange, dynamization, and bone grafting), implant failure (nail breakage and screw breakage), compartment syndrome, infection, and knee pain in the treatment of closed tibial fractures.
Materials and Methods

Search Strategy
A search was performed in electronic databases including PubMed, EMBASE, BIOSIS, and the Cochrane Controlled Trials Register. Time period of the studies ranged from January 1980 to June 2012. A broad search strategy was adopted to identify all relevant articles without using particular filters except limiting the publication language to English. Key words used for the search were as follows: "ream," "unream," "non ream," "closed tibia," and "fracture." Titles and abstracts of all of the citations retrieved were carefully reviewed by 2 reviewers (J.Z., Y.Z.) working independently to identify potentially relevant studies. Most of the citations were immediately excluded based on information provided by the title or abstract according to the inclusion and exclusion criteria. When necessary, the remaining potentially relevant studies were screened through reading their full text. A third reviewer (D.J.) was consulted for the final decision if any disagreement on eligibility existed between the 2 reviewers.
Inclusion and Exclusion Criteria
The criteria for both inclusion and exclusion were clearly defined before the search was conducted. The inclusion criteria were as follows:
1. Target population: adults with closed tibial fracture; 2. Methodology: randomized or quasirandomized controlled trials; 3. Interventions: reamed and unreamed intramedullary nailing; and 4. Outcome measures: average operative time, weight-bearing time, callus formation time, average blood loss, nonunion, delayed union, malunion, secondary procedure (implant exchange, dynamization, and bone grafting), implant failure (nail breakage and screw breakage), compartment syndrome, infection, and knee pain.
Excluded studies were those with target populations including animals and children and those that reported none of the above outcome measures. Reviews, case reports, and prognostic studies were also excluded. Pathologic fractures also were not included in the meta-analysis.
Critical Appraisal
All selected articles were critically appraised by 2 of the authors (J.Z., G.M.), independently, using the modified Jadad 8-item scale. 17 The criteria used to assess the quality of studies are shown in the Table. The score for each article could range from 0 (the lowest quality) to 8 (the highest quality). Scores of 4 to 8 denote good to excellent quality and 0 to 3 poor to low quality. Disagreements were resolved by consensus.
Data Extraction
Data were extracted independently by 2 reviewers (L.X., J.Z.) from all eligible articles. One reviewer (L.X.) extracted all effective data onto a table prepared in advance before the second reviewer (J.Z.) verified the data for accuracy. Disagreement was resolved by discussion, and a third reviewer (D.J.) was consulted when necessary. The effective data collected from all eligible trials included patient information, methodology, details on interventions, and reported outcomes.
Statistical Analysis
Odds ratio (OR) was used as the summary statistic when performing statistical analysis of dichotomous variables. The 95% confidence interval (CI) was also calculated for each outcome of interest. The authors used a fixed effects model for calculations of OR and 95% CI unless there was significant heterogeneity, in which case results were confirmed using a random effects model. P≤.05 was considered statistically significant. The meta-analysis was performed using Review Manager 5.1 (The Cochrane Collaboration, Oxford, United Kingdom). Statistical heterogeneity across the component studies was detected using the I 2 test. Values of I 2 equal to 25%, 50%, and 75% represent low, moderate, and high degrees of statistical heterogeneity, respectively.
results
Data of the Included Studies
The literature retrieval strategy and results are shown in the Figure. Nine studies were included in the final analysis. 3, [7] [8] [9] [10] 15, [19] [20] [21] Of them, the reports by Briel et al 8 and Bhandari et al 3 belonged to the same study. Information on general characteristics, participants, and methodological quality of the 9 studies is sumn Feature Article n Feature Article marized in Table A (available at the end of the PDF of this article). All studies were randomized controlled trials except that of Anglen and Blue, 9 whose risk of bias was low or unclear. A total of 1229 tibias were included, 643 of which were treated with reamed intramedullary nailing and the others with unreamed intramedullary nailing. Five designs scored 4 or greater and the other 4 studies scored less than 4 due to inappropriate randomization, lack of detailed information on withdrawals, or dropouts. The main problem reflected in nearly all of the studies was nonuse of blinding method, which might bring about a certain degree of detection bias. Unfortunately, the current authors could not compare reamed intramedullary nailing with unreamed intramedullary nailing quantitatively regarding average operative time, weight-bearing time, callus formation time, and average blood loss because these measures were presented as mean±standard deviation in 1 study and were not presented at all in the others.
Outcomes of Meta-analysis
As revealed in Figure A (available at the end of the PDF of this article), the unreamed intramedullary nailing group demonstrated a significantly higher rate of fracture nonunion (OR=0.43, 95% CI= 0.21-0.88, P=.02). Nonetheless, no significant differences were shown regarding delayed union rate (OR=0.53, 95% CI=0.20-1.41, P =.20; Figure B , available at the end of the PDF of this article) and malunion rate (OR=0.48, 95% CI=0.13-1.81, P=.28; Figure C , available at the end of the PDF of this article) between reamed intramedullary nailing and unreamed intramedullary nailing groups. High heterogeneity (I 2 =57%) existed among studies that were available for the comparison of malunion rate. Regarding the secondary procedure rate, the subgroup analysis showed that there was no significant difference in bone grafting rate between the reamed intramedullary nailing and unreamed intramedullary nailing groups (OR=1.33, 95% CI=0.26-6.80, P=.73; Figure D , available at the end of the PDF of this article). However, significantly higher incidences of implant exchange (OR=0.37, 95% CI=0.16-0.81, P=.01; Figure D , available at the end of the PDF of this article) and dynamization (OR=0.57, 95% CI=0.34-0.98, P=.04; Figure D , available at the end of the PDF of this article) were discovered in the unreamed intramedullary nailing group. In subgroup analysis of implant failure, no significant difference in nail failure was found between the 2 groups (OR=0.93, 95% CI=0.13-6.84, P=.94; Figure E , available at the end of the PDF of this article), but a higher risk of screw failure was observed in the unreamed intramedullary nailing group (OR=0.32, 95% CI=0.19-0.55, P<.001; Figure E , available at the end of the PDF of this article). No statistically significant differences were found between the 2 groups regarding infection rate (OR=1.36, 95% CI=0.70-2.65, P=.36; Figure F 
discussion
This meta-analysis has shown that reamed intramedullary nailing significantly reduced the risks of nonunion and screw failure without increasing the rates of infection and compartment syndrome compared with unreamed intramedullary nailing in closed tibial fractures, as reported by Xue et al. 16 Furthermore, reamed intramedullary nailing did not increase the risk of knee pain, whereas unreamed intramedullary nailing led to a high incidence of secondary procedure (implant exchange and dynamization) due to nonunion.
Regarding nonunion, it was found that reamed intramedullary nailing might destroy the nutrient artery, which is the main source of blood for 70% of the tibial cortex. 9 Therefore, some researchers believe that damage to the blood supply to the inner cortex would impair fracture healing and increase infection. 22 However, the current meta-analysis revealed that the incidence of nonunion in reamed intramedullary nailing was significantly lower than that in unreamed intramedullary nailing. Some researchers have speculated that reamed intramedullary nailing results in increased contact area between the implant and the bone surface and thus increases stability, permitting early weight bearing 10 and eventually facilitating fracture union. 7, 19 Moreover, the products of reaming contain osteoblasts 23 and multipotent stem cells, 24 which can act as an effective bone graft of high osteogenic potential. 20, 25 Some researchers discovered that although reaming disrupted the blood flow to the cortex, it induced a 6-fold increase in the periosteal blood flow to overcome lack of endosteal blood flow and improve fracture healing. 26 An experimental study suggested that intramedullary reaming, although possibly disturbing endosteal circulation, had only a minimal, if any, effect on transcutaneous oxygen tension values and that the depressed skin oximetry values in simple tibial shaft fractures resulted from the primary injury mechanism and not from intramedullary reaming. 27 However, the incidence of delayed union in reamed intramedullary nailing was not superior to that in unreamed intramedullary nailing. A possible reason is that reamed intramedullary nailing may not benefit the early process of fracture healing more than unreamed intramedullary nailing. More importantly, closed tibial fractures included in the current metaanalysis varied in Tscherne grouping from C0 to C3 with different prognosis, 15 and the time criteria for delayed union varied from 12 to 26 weeks. 28 Moreover, only 2 studies included reported data regarding delayed union. Consequently, this finding is not definite.
Some studies have reported that the larger reamed intramedullary nailing tended to correct malalignment, whereas the thinner, more flexible unreamed intramedullary nailing might increase the risk of malunion. 9, 19 However, the current authors' evidence showed no statistically significant difference in the incidence of malunion between these 2 techniques. A relatively high heterogeneity (I 2 =57%) among the studies included may account for such a disagreement. The heterogeneity represented clinical and methodological diversity in the studies, such as study design, execution, and randomization. 29 Different investigators had their own criteria for malunion, such as degrees of rotational malalignment and angulation. In addition, differences in weight-bearing time and Tscherne grouping of the fractures might have resulted in a bias. Accordingly, the current authors feel that they should have conducted sensitivity analyses to explore any statistical heterogeneity but they could not because only 2 studies addressed the malunion.
Annual reoperation rates following tibial fracture repair with the use of nails have been reported to be between 12% and 44%. 30 Treatment options include dynamization of the interlocked nail, bone grafting, implant exchange, and electrostimulation. 31 According to Weber and Brunner, 32 a nonunion with a good blood supply is mainly a mechanical problem and should be addressed by rigid fixation, whereas nonunion with restricted blood supply will benefit from stimulation and bone grafting. However, it is unclear whether reamed intramedullary nailing, which is believed to destroy endosteal blood flow, will increase the rate of bone grafting compared with unreamed intramedullary nailing. It is also unclear whether unreamed intramedullary nailing, which is believed to have a poor mechanical stability, will increase the incidence of implant exchange or dynamization. By subgroup analyses, the current authors found that reamed intramedullary nailing did not increase the incidence of bone grafting compared with unreamed intramedullary nailing, whereas unreamed intramedullary nailing led to a higher risk of implant exchange and dynamization. Their findings also support that reamed intramedullary nailing may provide better stability to lower the incidence of implant exchange, and that unreamed intramedullary nailing may protect intramedullary blood supply but reduce the mechanical strength to increase the rates of both implant replacement and dynamization.
Clinical screw failure and nail failure are both implant failures; the former may not pose a significant problem, whereas dealing with the latter can be challenging. 6 Screw failures are more common than nail failures. 6 If they are both presented as implant failure with no distinction, misinterpretation of screw failure as nail failure, or vice versa, may arise in outcome evaluation of reamed intramedullary nailing or unreamed intramedullary nailing. Therefore, technically, they should be considered and analyzed separately. The increased risk of screw breakage of unreamed intramedullary nailing is directly related to its smaller diameter, which is more prone to fatigue failure 10 due to the computed von Mises stresses far beyond the fatigue limit in the bolts of unreamed intramedullary nailing for the distal and mid-diaphyseal fractures. 33 Because unreamed intramedullary nailing and weak locking bolts could not offer a tight fit with the area of cortex that the nails contacted with, there was more cyclical loading and an increased chance of breakage for the distal locking screws. 6 The relatively high incidence of screw breakage may also be related to the fact that patients were allowed to bear weight too early. 15 Nevertheless, the current authors found that the probability of nail breakage was low in both groups. This may be attributed to the tiny difference in axial stress the nails sustained in both unreamed intramedullary nailing and reamed intramedullary nailing.
Infection rates were reported to be much lower when unreamed intramedullary nailing was used in open tibial fractures compared with reamed intramedullary nailing; however, for closed tibial fractures, reported infection rates vary widely. 10 Reasons for this difference include differences observed in sample volume, type of fracture, condition of soft tissue, quality of the broken bone, patient age, type of implant used, and surgeon skill. 21 In the current study, the metaanalysis discovered that reaming the tibial medullary canal did not increase the risk of infection. In agreement with other researchers, the current authors believe that the theory that preservation of the blood supply to the cortex helps reduce infection needs to be tested in large clinical randomized controlled trials. 20 No significant difference was observed in the incidence of compartment syndrome between unreamed intramedullary nailing and reamed intramedullary nailing. Although in a sheep experiment Stürmer 34 found that the reaming procedure itself increased the degree of trauma and compartmental pressure in the soft tissues adjacent to the fracture, the procedure did not seem to have important clinical consequences. 19 Reaming before tibial nail insertion was found not to increase the incidence of complications in either open or closed tibial fractures. 10 Knee pain, always due to the prominence of screws after surgery, is an indication for removal of screws. 20 Thigh muscle weakness from reflex inhibition of the quadriceps and injuries to collateral ligaments, cruciate ligaments, menisci, or the articular cartilage can also predispose to knee pain after intramedullary nailing. 35 Because loosening usually occurs in the distal locking screws in both reamed intramedullary nailing and unreamed intramedullary nailing, it has limited effect on range of movement of the knee. This explains the current finding of no significant difference concerning knee pain between the 2 techniques.
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Various clinical studies have suggested that, compared with reamed intramedullary nailing, unreamed intramedullary nailing results in less increase in intramedullary pressure and less adverse intravasation of bone marrow into the pulmonary circulation. 36 Moreover, increased content of bone marrow in the systemic circulation and a higher risk of adult respiratory distress syndrome were reported much more in patients with chest trauma undergoing femoral reaming compared with tibial reaming. 37 However, a limitation of the current meta-analysis is failure to make a meaningful comparison between reamed intramedullary nailing and unreamed intramedullary nailing regarding the overall frequencies of fat embolism and pulmonary embolism because of insufficient data.
Other limitations of the current metaanalysis were that 7 of the 8 studies included were characterized by a small sample size, lack of uniform definitions for delayed union and nonunion, missing meaningful quantitative outcome measures such as union time, weight-bearing time, operative time, and blood loss, and variations in reporting baseline patient characteristics. All of these may weaken the strength of evidence and clinical significance of this analysis. Failure to include publications from academic conferences or unpublished data and possible errors in the search strategy could have resulted in missing data. High heterogeneity among the studies included suggests the risk of bias. Despite all of these limitations, the best evidence available has been provided to assist with optimal decision making when treating closed tibial fractures with intramedullary nailing.
conclusion
Despite the constraints of the literature, the current available evidence included in this meta-analysis demonstrates that reamed intramedullary nailing in the treatment of closed tibial fractures, compared with unreamed intramedullary nailing, may lead to a lower incidence of nonunion, screw failure, implant exchange, and dynamization and may not increase the rates of surgical complications such as infection, compartment syndrome, and knee pain.
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